the grating considered positive ( Figure 1B, gray region) .
The results show fl ies generally respond to gratings more strongly when dots fl ow than when they are static ( Figure 1C , red and blue plots). This could indicate increased sensitivity to gratings, or increased motivation to turn during apparently involuntary forward motion. Dot fl ow enhances turning responses to frontal stimuli (0°) at every frequency ( Figure 1C, top) , but suppresses responses to high frequencies at 45° from center (0.083 cycles/degree and above; Figure 1C , middle), and further still at 90° from center (0.067 cycles/degree and above; Figure 1C , bottom). Without optic fl ow, responses to the very highest spatial frequency drop in lateral regions, but this is expected due to the corresponding mild reduction in lateral acuity [5] . Further, fl ow does not suppress high frequency responses perpendicular to the fl ow fi eld (gratings drift to simulate roll; Figure 1D ). And fl ow does not suppress responses to high temporal frequencies (at 0.04 cycles/degree), but enhances responses to the middle and higher temporal range ( Figure 1E ). The high peak temporal response in lateral regions, at 20 Hz, may preserve fl ies' ability to detect fast motion [6] , similar to nocturnal animals that implement primarily spatial summation to perceive faster images at night [3, 9] .
For insects, even the modest speeds in these experiments could reduce effective image intensity by more than tenfold, severely compromising signal-to-noise ratio. Although summation forfeits high frequency image components, it can increase information uptake by restoring signalto-noise ratio, and this may partly account for fl ies' elevated responses to low frequencies. But another benefi t may be increased accuracy. Frontal optic fl ow increases not just the magnitude of responses, but standard deviation, by a factor of 2.48. At 45 and 90°, however, where spatial fi ltering is apparent, standard deviation increases by only 1.68 and 1.71, respectively. This lower variability is consistent with more clearly perceived low spatial frequency motion. Many fl ying insects optically compensate for forward fl ow by gradually increasing equatorial interommatidial angle from frontal to lateral eye regions [2, 4] . The results here demonstrate an analogous acuity loss occurring dynamically during optic fl ow. It remains to be determined how and where this is triggered in the brain, but summation does not need to occur early to improve signal-to-noise ratio. This strategy could extract information from otherwise compromised regions of vision during fl ight, but preserve already limited acuity when fl ies have landed and are interacting with their environment [10] . Positive emotional contagions are outwardly emotive actions that spread from one individual to another, such as glee in preschool children [1] or laughter in humans of all ages [2] . The play vocalizations of some animals may also act as emotional contagions. For example, artificially deafened rats are less likely to play than their non-hearing-impaired conspecifics, while no such effect is found for blinded rats [3] . As rat play vocalizations are also produced in anticipation of play, they, rather than the play itself, may act as a contagion, leading to a hypothesis of evolutionary parallels between rat play vocalizations and human laughter [4] . The kea parrot (Nestor notabilis) has complex play behaviour and a distinct play vocalization [5] . We used acoustic playback to investigate the effect of play calls on wild kea, finding that play vocalizations increase the amount of play among both juveniles and adults, likely by acting as a positive emotional contagion.
Kea have high cognitive abilities [6] and complex play behaviour (see Supplemental Information), often associated with a characteristic warble call [5] which may signal the sender's playful state. Such a signal would help receivers discriminate social play fighting from aggression. However, as these calls are also associated with solitary play and social play not requiring an interpretation of potentially aggressive signals, they might have an affective origin resulting in this outwardly emotive action. As with human laughter, the kea's play call could act as a positive emotional contagion towards conspecifics. We tested this hypothesis by performing playback experiments consisting of a 5 minute experimental period during which a stimulus was played to the birds, and pre-and post-experimental periods lasting 5 minutes each (total trial length 15 minutes). In addition to the play call, four control sounds were played as stimuli: two other types of non-play kea call, a call of the South Island robin (Petroica australis australis, a common bird in the area), and a standardised tone (2 kHz). Scored behaviours included social interactions and play (see Supplemental Information for details).
The play call elicited significant increases in both the number of instances of play and play length when compared with preexperimental or post-experimental periods, and when compared with any time period of the control sound stimuli (Figure 1 ; GLMM play length: F 10,110 = 4.398, p < 0.001; GLMM play instance: F 14,117 = 3.77, p < 0.001). Upon hearing the play call, many birds did not join in play that was already underway, but instead started playing with other non-playing birds, or in the case of solitary play, with an object or by performing aerial acrobatics (for a conservative measure of spontaneous play occurrence see Supplemental Information). These instances suggest that kea weren't 'invited' to play, but that this specific call induced playfulness, supporting the hypothesis that play vocalizations can act as a positive emotional contagion. In anthropomorphic terms, kea play calls act as a form of infectious laughter, as has been suggested for play calls in primates [2] and rodents [4] . Alternatively, heightened mood could explain increased play in conspecifics. However, moods are a persistent state [7] , whereas emotions are brief, intense reactions [8] , and play behaviour in the postexperimental period did not differ from that of the pre-experimental period.
Social play behaviour is rare in mature animals of opposite sex [9] . Although the erratic nature and fast pace of aerial play made it impossible to track individual participants with certainty, kea of all ages, including adult males and females, were engaged in play. While intersexual adult play is seen among primates and canids, it is generally associated with courtship behaviour or with other immediate social benefits, such as access to food [9] . Bonobos (Pan paniscus) [10] are believed to test potential mates through play, while African hunting dogs (Lycaon pictus) and timber wolves (Canis lupus) play to strengthen social bonds before a hunt [9] . In contrast, play between adults of the opposite sex in kea occurred spontaneously under the same circumstances as play in juveniles. 
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